Summary
The current experiment was performed to examine the acute and cumulative effects of chronic manual teat stimulation on the tonic pattern of luteinizing hormone (LH) secretion in beef cows. Additionally, we characterized the plasma profile of prolactin and cortisol release to evaluate whether changes in the concentrations of these hormones occurred in response to teat stimulation and whether such changes were related to gonadotropin secretion. Six weeks after ovariectomy, nonlactating beef females were paired by age and assigned randomly to a control group (n=3) or a stimulation group (n=3). Stimulated cows were subjected to 20 min of continuous manual teat stripping every 4 h for 24 h. Blood samples were collected from all cows at 10-min intervals beginning 1 h before and continuing for 2 h after the onset of each stimulation period in treated animals. Numerous episodes of prolactin and cortisol release were observed in control and treated animals throughout the 24-h experiment. The percentage of stimulations accompained by prolactin and cortisol releases for each of the three treated animals was 100 and 100, 16.7 and 50, and 50 and 100, respectively. The number of prolactin peaks observed the hour after onset of teat stimulation was greater (P<.06) than the number observed the hour before. However, the number of cortisol peaks
I ntroduction
The presence of a nursing offspring (and by extension of reasoning, the suckling process itself) markedly prolongs the postpartum (PP) interval to first estrus and ovulation in cows (Edgerton, 1980 ). This appears to be mediated through, or at least associated with, a profound diminuition in the frequency with which pituitary luteinizing hormone (Carruthers and Hafs, 1980; Wahers et al., 1982; Humphrey et al., 1983; Williams et al., 1983) and folliclestimulating hormone (Williams et al., 1983) are discharged into the circulation.
Although the mechanism by which a suckling calf suppresses tonic gonadotropin release is not fully understood, indirect evidence (Walters et al., 1982) suggests that it acts to interfere with the intermittent release of gonadotropinreleasing hormone (GnRH) from the hypothalamus, thereby diminishing the pulsatile release pattern of gonadotropins from the pituitary. However, neither the time course of events leading to this phenomenon nor the specific exteroceptive stimuli required to produce it are well-defined. In fact, it may be 1060 JOURNAL OF ANIMAL SCIENCE, Vol. 59, No. 4, 1984 incorrect to assume that the suckling stimulus itself is the sole or even the primary influence that leads to suppressed gonadotropin release. We have reasoned that if the suckling process provokes a specific response within the hypothalamo-hypophyseal axis via direct neural afferents, causing a change in the control of tonic gonadotropin release, then an artificial stimulus such as mechanical stripping of the teats should elicit a similar response. Moreover, this response should be apparent as an unambiguous alteration in either the frequency of amplitude with which gonadotropin pulses are discharged or as an alteration in the intervening baseline. That the mediation of this effect is not strictly neural has been considered, and various antigonadotropic agents including prolactin and cortisol have been proposed. While there is no direct evidence that physiological increments of prolactin or cortisol are antigonadotropic in the PP cow, both are characteristically released in response to suckling (Wagner and Oxenreider, 1972; Karg and Schams, 1974) or milking (Smith et al., 1972; Karg and Schams, 1974) .
In this experiment we have attempted to isolate and study the effects of chronic teat stimulation as a separate neural event, aside from the influence of parturition, lactation, presence of a suckling offspring and ovarian steroids. Our primary objective was to determine the acute and cumulative effects of this stimulus on tonic LH release patterns during a 24-h experiment. Our second objective was to characterize the secretory profile of prolactin and cortisol in treated and control animals. This was done as a means of assessing the suitability of our model for duplicating endocrine events reported to occur in response to suckling, as well as to determine whether secretory episodes of prolactin and cortisol were related to luteinizing hormone (LH) release.
Materials and Methods
Animals. Six normally cycling beef females (two nulliparous heifers and four parous cows) were ovariectomized via high lumbar laparotomy 6 wk before the experiment. Animals had been broken to halter, gentled and introduced to the handling, stimulation and blood sampling 4Cambridge Medical Diagnostics, Inc., Billerica,
MA.
procedures well in advance of experimentation. They were maintained on a mixture of alfalfa and grass hay (IFN 1-00-255), fed ad libitum, that met or exceeded NRC requirements for maintenance. All animals were in excellent body condition.
Treatment and Sampling. The cattle were stratified by age and assigned randomly to a control (C) group (n=3) or stimulation (S) group (n=3), fitted with indwelling jugular cannulae and placed into individual pens 48 h before the experiment. On the day of experimentation, S females were subjected to 20 rain of continuous manual teat stimulation every 4 h for 24 h while tied loosely in a free-standing position. Manual stimulation was performed by stripping the teats with lubricated hands in an effort to simulate the suckling process. Warm mineral oil was used as the lubricant. The appearance of mammary fluid upon continued stripping served as a positive indication that the neurally-mediated milk ejection reflex had been initiated in these nonlactating females. Blood samples were collected from the C and S cows at 10-min intervals beginning 1 h before and continuing for 2 h after the onset of stimulation in S cows. Thus, the experiment consisted of six periods, each 3 h in duration, with a 1 h inactive segment between each period. Blood samples were placed on ice, whereupon plasma was collected and frozen at -20 C.
Radioimmunoassay. Radioimmunoassays for
LH and prolactin were performed as previously reported (Williams and Ray, 1980) . Plasma cortisol was assayed without chromatography. In brief, plasma samples (200 /A) were extracted (Murphy, 1967 ) with 2 ml methylene chloride for 30 s and then allowed to equilibrate for 30 min. The tubes were then placed at -20C for 15 min to freeze the plasma fraction, followed by decanting the solvent extracts into 12 • 75 mm glass culture tubes. Extracts were taken to dryness with N2 and brought to volume (200 /A) with warm phosphate-buffered saline-.01% gelatin (PBSgel). Standard curves were constructed between .01 and .4 ng in 200 #1 PBS-gel. Cortisol antiserum a was added to standards and unknowns at a dilution of 1:6,000 to 1:10,000 in a volume of 100 /A. The immunogen for this antiserum was cortisol-3-bovine serum albumin and was raised in rabbits. Cross-reaction studies revealed interference in the assay from 17a-hydroxyprogesterone (5.7%), corticosterone (2.6%) and cortisone (15.1%). No other crossreactions were observed with a variety of progestins, estrogens and androgens. Tritiumlabel (10 to 15,000 dpm) was added as [1,2,6,7-aH] -hydrocortisone s in lO01al PBS-gel.
Separation of bound and unbound fractions was by dextran-coated charcoal. The antiserum was incubated (4 C) with standards and unknowns for 20 rain before addition of labelled hormone, followed by overnight incubation at 4C.
The sensitivity of the standard curves averaged .03 + .01 ng (30 pg). Extraction efficiency averaged 87 + 2%. Dilutions of cow plasma yielded inhibition curves parallel to the standard and addition of varying amounts of cortisol to plasma followed by radioimmunoassay demonstrated a high degree of accuracy (b = 1.05 -+ .04; r = .99). The intra-and interassay coefficients of variation were 5.0 and 7.9%, respectively.
Statistical Analyses. To characterize acute changes, mean LH, prolactin and cortisol concentrations were calculated for each treatment and control animal during the hourly intervals (10-min sampling) before (pretreatment) and after (post-treatment) the onset of teat stimulation in the treated group. The post-treatment means were then subtracted from the pretreatment means for each animal. Post-treatment was calculated as the first hour following onset of stimulation and as both hours combined. The differences obtained formed a data set that was subjected to split-plot analyses of variance (Gill and Hafs, 1971) . The model included treatment, experimental period, cow (treatment), treatment • experimental period and cow (treatment) x experimental period. Treatment was the whole plot and experimental period was the subplot. For characterizing trends of actual hormone values, split-plot analyses within experimental periods were performed with time of sampling (at lO-min intervals) within experimental periods as a subplot. The model included treatment, time of sampling, cow (treatment), treatment x time of sampling and cow (treatment) x time of sampling. Because no differences were identified by analyses of variance, specific comparisons of means were not performed.
s New England Nuclear, Boston, MA.
Pulse frequencies and amplitudes for LH were determined as previously described (Williams et al., 1983) . These determinations were in perfect concordance with those obtained by subjective evaluation due to the distinct, unambiguous nature of pulsatile discharges occurring in these ovariectomized cows. Peaks of prolactin and cortisol were identified as elevations two standard deviations above the pretreatment mean. The percentage of teat stimulations accompanied by prolactin and cortisol peaks was determined for both treatment and control animals by counting the number of peaks occurring within 10 min of stimulation onset (or the corresponding time in controls) and dividing by the total number of teat stimulations. To determine whether the number of prolactin or cortisol peaks were statistically associated with teat stimulation, chi-squares analyses were used to test for the frequency of peaks that occurred during the hour before and the hour after the onset of stimulation. Within-animal correlations among LH, prolactin and cortisol were calculated by pooling the collected sum of squares and cross products for each animal. A t-test was used to test the significance of the calculated r-value. A reference to all of the statistical procedures employed is Snedecor and Cochran (1980) .
Results
Mean concentrations of LH in plasma of S and C females averaged 12.1 + .6 and 12.1 + .5 ng/ml, respectively, during the 24-h experiment. The LH secretory characteristics observed before and after the onset of teat stimulation in treated animals and in controls are summarized in table 1. Mean LH concentrations were not affected (P>.05) by treatment, experimental period or any of the interactions tested. Similarly, neither LH pulse frequency nor amplitude were altered during the experiment (table 1) . These variables averaged (+ SE) 1.6-+ .1 pulses/h and 10.4 + .2 ng/ml, respectively, for both S and C cows over all experimental periods. The pulsatile patterns of LH release in heifer 03N6 (stimulated) and heifer 24N2 (control) during three of the six experimental periods are depicted in figures 1 and 2, respectively. The profiles observed in these two animals are representative of the distinct, pulsatile secretion pattern observed in all animals. Teat stimulation failed to cause an acute or chronic alteration of this pattern. aThe mean -+ SE of all observations before the onset of stimulation in six experimental periods.
bThe mean -+ SE of all observations between 0 and 1 h after the onset of stimulation in six experimental periods.
CThe mean -+ SE of all observations between 0 and 2 h after the onset of stimulation in six experimental periods.
Episodes of prolactin and cortisol release were observed throughout the experiment in both S and C females. These two hormones had a tendency to be secreted together as evidenced by a positive coefficient of correlation (r = .30; P<.01). Heifer 03N6 (figure 3) seemed to respond with a prolactin and cortisol release after each stimulation period. Such a response was absent or masked in cow 77M1 (figure 4). Both animals exhibited many spontaneous secretory episodes as did control cow 7924 (figure 5). The percentage of stimuli associated with prolactin and cortisol release was 55.6 and 66.6%, respectively (table 2). Individually, the percentage of stimulations followed within 10 min by a prolactin and cortisol increase in each of the three S animals was 100 and 100, 16.7 and 50, and 50 and 100, respectively. Each of these increases elevated (P<.01) the respective hormone above the pretreatment baseline. The total number (31) of prolactin peaks observed in S cows during the first hour after onset of teat stimulation was greater (P<.06) than the number (17) observed during the hour before onset. This was not true for cortisol. Moreover, teat stimulation was not effective (P>.05) in elevating the hourly post-treatment means of prolactin or cortisol above the pretreatment mean or above that observed for controls (table  2) . Neither prolactin nor cortisol was correlated with LH.
Discussion
The results of the present study suggest that mechanical manipulation of the teats does not in itself constitute an exteroceptive stimulus capable of altering LH release patterns in the cow. Using repetitive manual teat stripping we were unable to elicit an acute or chronic effect on mean LH concentrations in plasma, LH pulse frequency or LH pulse amplitude. This does not imply that a suckling calf, or some component associated with a suckling calf, does not affect gonadotropin secretion in the cow. Indeed, it is well-documented that suckled beef cows display suppressed gonadotropin release in association with delayed PP estrus and ovulation (Wakers et al., 1982; Williams et al., 1983; Humphrey et al., 1983) . However, in the current experiment we deliberately removed as many confounding factors as possible from our model in an attempt to confirm or to refute the concept that teat stimulation alone can negatively influence gonadotropin release. It is only in this limited sense, that of mechanical teat stimulation, that we attempt to relate the current model with the PP suckled cow.
Two previous studies with PP beef cows (Forrest et al., 1980; Dunlap et al., 1981) have suggested that an acute natural suckling episode can reduce mean serum LH concentrations within 45 rain of its initiation. A more recent report failed to confirm an acute effect of suckling on pulsatile LH release. The relatively short duration of sampiing, and therefore the failure to account for the intermittent nature of LH release in the first two studies, does not allow full reconciliation of these conflicting data.
The fact that we were unable to invoke a change in pituitary LH release using a simple, independent stimulus in ovariectomized cattle over a 24-h period may indicate that 1) mechanical stimulation of the teats does not provide a neural link capable of suppressing LH secretion, 2) the stimulus must occur over a longer period of time, or 3) the presence of other factors associated with a calf or calving (e.g., physical presence, social interaction) are necessary in order for teat stimulation to be effective.
With respect to PP cows, ovarian estradiol has been suggested (Acosta et al., 1983) as being required for the suckling effect to be observed, but Hinshelwood et al. (1983) have reported suckling-induced gonadotropin suppression in ovariectomized bovine females. Recently, we have reported a study (Williams et al., 1984) in which the effects of calf presence, suckling, 8x -daily milking or a combination of calf presence and milking were examined. In that study, pulsatile LH secretion was not suppressed acutely or chronically in any cows on d 3 or 7 PP, regardless of treatment. Based on previous studies (Carruthers and Hafs, 1980; Williams et al., 1983) we had assumed that pulsatile LH release was held in abeyance by the suckling effect beginning at parturition. Our recent findings (Williams et al., 1984) suggest that this may not be the case. Instead, the diminuition of pulsatile gonadotropin release in suckled cows may develop after an initial resumption of rhythmic release patterns very early PP. If this hypothesis is correct, then the "suckling effect" may be a cumulative response to an as yet undetermined complex of neural stimuli or metabolic alterations. The early resumption (d 3 PP) of pulsatile LH release observed in those studies was unexpected, because releasable LH pools are relatively low during this time (Williams et al., 1982) .
In the current report, simple mechanical stripping of the teats appeared to cause an acute episode of prolactin release about 55.6% of the time, based on increases that occurred within 10 min of stimulation onset. Moreover, the number of episodes of prolactin release occurring during the hour after onset of teat stimulation was greater than that observed before onset. This response is similar to that previously observed in cows after suckling (Wagner and Oxenreider, 1972; Karg and Schams, 1974; Convey et al., 1983) and milking (Karg and Schams, 1974; Carruthers and Hafs, 1980) and following mechanical stimulation of the teats of heifers, cows and bulls (Karg and Schams, 1974) .
Similar to prolactin, the adrenal corticosteroids (cortisol) have been shown to be released in response to suckling (Wagner and Oxenreider, 1972; Ellicott et al., 1981; Dunlap et al., 1981) and milking (Smith et al., 1972) . Furthermore, both in vivo (Stoebel and Moberg, 1982; Li and Wagner, 1983) and in vitro (Padmanabhan et al., 1983; Li and Wagner, 1983) concentrations of plasma cortisol were reproduced in vivo (Stoebel and Moberg, 1982) , the preovulatory I.H discharge was suppressed, whereas tonic LH release was unaffected. No studies have demonstrated a direct cause and effect relationship between physiological increments of plasma cortisol and diminished pulsatile LH release in suckled PP beef cows. In our experiment, increases in plasma cortisol occurred within 10 min of stimulation onset 67% of the time. However, the number of cortisol peaks observed after teat stimulation was not greater than the number observed before stimulation. None of the acute releases observed (whether spontaneous or induced) were associated with alterations in the pattern or quantity of LH released. A recent report suggests that the ovary is required for suckling to cause an increase in cortisol secretion in PP cows .
In summary, utilizing chronic teat stripping as a stimulus in ovariectomized, nonlactating bThe mean + SE of all observations between 0 and 1 h after the onset of stimulation in six experimental periods.
CThe mean • SE of all observations between 0 and 2 h after the onset of stimulation in six experimental periods.
beef females, we observed a characteristic neuroendocrine (prolactin release) response often observed foUowing suckling or milking. In addition, while cortisol release could not be attributed specifically to teat stimulation in our experiment, two-thirds of the teat stimulations performed were accompanied by cortisol peaks. These observations, plus the ability to consistently cause a discharge of residual mammary gland fluid after each stimulation, have been taken as evidence that the exteroceptive stimulus we applied was adequate to mimic the basic physical events of suckling by a calf. Nevertheless, we were unable to cause an acute or chronic change in mean plasma LH concentrations or in the pattern of tonic LH release. This suggests that physical stimulation of the teat is not an autonomous mediator of diminished gonadotropin release in cows.
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